The incidence of large rain events in Mediterranean ecosystems vary among years.
| INTRODUCTION
Water use by vegetation is directly related to plant anatomical and ecophysiological properties, as well as to soil-bedrock water availability (Wang & Lu, 2009) . Its role in regulating the hydrological cycle emphasizes the necessity of assimilating it into the body of spatial scales in hydrological models (Donohue, Roderick, & McVicar, 2006; Rodriguez-Iturbe, 2000) . Forest hydrological processes are mainly determined by the distinct functional traits of the different tree species present and their overall composition (Bittner et al., 2010; Ford, Hubbard, & Vose, 2011) . Therefore, changes in vegetation cover, associated with changes in the forest water dynamics, have significant implications on local and regional water balances (Brown, Zhang, McMahon, Western, & Vertessy, 2005) . Quantification of the spatiotemporal patterns of soil moisture provides a concise summary of catchment hydrologic conditions (Ivanov, Vivoni, Bras, & Entekhabi, 2004; Settin, Botter, Rodriguez-Iturbe, & Rinaldo, 2007; Vivoni, Rodríguez, & Watts, 2010) . However, at small forested catchments, this field of knowledge has been relatively less studied (Jost, Heuvelink, & Papritz, 2005) , particularly at the seasonal to annual time scales (Rosenbaum et al., 2012) , and moreover in drier regions where tree water consumption is primarily constrained by soil moisture (Novick et al., 2016) .
A characteristic of Mediterranean ecosystems is the occurrence of intrinsically out-of-phase cycles of climate variability, reflected through cycles of winter soil-moisture recharge. These are coupled with plant growth and cycles of water stress accompanied with rising potential evapotranspiration (Feng, Porporato, & Rodriguez-Iturbe, 2015; Viola, Daly, Vico, Cannarozzo, & Porporato, 2008) . The winter rainy season generates a seasonal precipitation pulse composed principally of small rainfall events with relatively constant aggregate total precipitation among years (Schwinning & Sala, 2004) . The proportion of large rainfall events, however, varies substantially among years.
These distinctions between magnitudes of rainfall events-average storm depth (α) and the frequency and distribution of storms (λ) (Daly & Porporato, 2006; D'Odorico, Ridolfi, Porporato, & Rodriguez-Iturbe, 2000; Feng et al., 2015; ; Schwinning & Sala, 2004) -are predominantly reflected in Mediterranean ecosystems among precipitation regimes of dry and wet years. In this context, Viola et al. (2008) treat summer aridity as a "renewal event," eliminating previous soil-moisture dynamics, thus forming "a sequence of disconnected years with wet and dry seasons." Seasonal cumulative rainfall, the quantitative attribute transitioning between the wet and dry seasons, is seldom dealt with in relation to soil moisture. Pan, Yuan, and Wood (2013) stated that cumulative rainfall is the main driver for soil-moisture recovery following drought.
Others perceive cumulative rainfall as the response to alteration in the multi-year pattern of rainfall (Hoover & Rogers, 2016; Petrie et al., 2018) . Several studies deal with a sequence of years with above average rainfall, essential in semiarid grassland for seed production of perennial species, seedling establishment, and plant survival (Peters, Yao, Browning, & Rango, 2014) . In a precipitation manipulation experiment, Grossiord et al. (2017) found that long-term soil-moisture reduction decreased trees response to daily soil-moisture variation whereas increased long-term soil moisture exaggerated the sensitivity of trees to soil water availability, especially at drier conditions. Soil moisture is a noted metric of hydrologic models (Chandler, Seyfried, McNamara, & Hwang, 2017) . Process-based modelling attempts to capture important aspects of soil infiltration with different levels of granularity. Even so, a macroscopic systems-theory approach (von Bertalanffy, 1968 ) may be useful in studying the dynamic interplay of processes and their rates in an open system. Water supplied to the soil surface by rainfall at different rates interacts with soils with different antecedent moisture content (Ben-Hur & Lado, 2008) . Infiltration capacity of dry hydrophilic soil surface at the beginning of a rain event is high, due to increasing matric and gravitational potential gradients. Horton (1941) showed that water infiltration can be modelled with a set of simple assumptions. As soil water content (θ V ) increases, the total soil moisture cannot increase without bound.
The matric potential gradient decreases, inducing a decrease in infiltration rates in dependence on the instantaneous soil-moisture levels (Hillel, 2003) . The total accumulated moisture will converge on a dynamic steady state where the affecting factors of gravity, soil porousness, and evaporation reach equal rates (Hillel, 2012) . However, because at low θ V at the onset of the rainy season in semiarid environments, initially, soil water input by early season rains may be evaporated quickly causing an early lag in increasing soil moisture.
Together, these processes may induce a sigmoidal pattern of soilmoisture accumulation.
Yet it has been recognized that forested areas alter the pathways through which the water is cycled in the atmosphere-biospheregeosphere cycle and the structural and physiological traits of trees influence both vertical and horizontal soil water distribution . Site-specific water holding capacity are long-term factors decisive for the survival of Mediterranean oaks (Baldocchi & Xu, 2007) . In this context, Porporato, Laio, Ridolfi, and RodriguezIturbe (2001) defined soil-moisture deficit as the prime stress factor for plants in semiarid climates. Accordingly, soil-moisture is subjected to the site-specific vegetation water demand, which in turn depends on climatic conditions, tree species composition, and roots' physiological ability to regulate suction pressure (Calder, 2007; Rosenbaum et al., 2012; . These elements (i.e., infiltration rates, infiltration capacity, percolation, and depletion) all interact nonlinearly and influence soil water mechanisms at the wetting, intermediate, and drying arms of the annual soil-moisture cycle.
Mixed oak stands and Mediterranean oak woodlands are the dominant forest formations at the eastern part of the Upper Jordan River watershed. Species interactions can be beneficial for various ecosystem functions and services involving the forest carbon and water cycles (Pretzsch, Schütze, & Uhl, 2013) and are positively exemplified in the mixed stand. Interactions of facilitation and/or complementarity have been suggested to induce higher small-scale heterogeneity of soil moisture in a mixed stand ) and higher transpiration rates as compared with monospecific ones (Forrester, Theiveyanathan, Collopy, & Marcar, 2010) . A predominant mechanism driving the soil-moisture regime in woody savannas is competition with herbaceous understory for different moisture reserves (Baldocchi & Xu, 2007; Campos, Villodre, Carrara, & Calera, 2013; Marañón, Pugnaire, & Callaway, 2009; Ne'eman & Goubitz, 2000) and capture of run-off under the canopy (TREE) from adjacent bare patches (Franz et al., 2012) . Two spatially distinct locations within the forests were chosen to reflect assumed differences in the explicit spatial properties of soil-water mechanisms. Below the canopy, the soil is shaded and less exposed to radiation, as well as attending biomass accumulation on the forest floor may restrict evaporation from the soil surface . Further, stemflow is known to concentrate moisture and precipitation near the trunk base (Durocher, 1990) . These convolve to increase soils moisture, relative to adjacent exposed patches (D'Odorico, Caylor, Okin, & Scanlon, 2007; Greene, Kinnell, & Wood, 1994) , like in FARs, where trees are naturally absent and the soil is more exposed to radiation and shallow rooted, where annual herbaceous vegetation dominates the cover (Jackson et al., 1996) .
The objectives of this study were to determine whether, and to what extent, soil-moisture dynamics, as manifested by volumetric θ V (%), differ between semiarid woodland and subhumid forest located in two independent small sub catchments within the Upper Jordan River watershed in north-eastern Israel. A subsequent objective was to determine the role of the individual tree in regulating soil-moisture dynamics that could affect the water yield of the entire stand. Given the differences between sites in rainfall regime, vegetation morphology, leaf habit, and species composition, as well as soil attributes, we hypothesized the existence of distinct responses in all soil-moisture indices between sites, expecting increased θ V at the wetter site. Moreover, assuming, as mentioned above, differences in soil-water mechanisms between selected locations within the forest, we expected a larger discrepancy at the drier sites and between the canopy and the FAR, due to increased water loss to evaporation. Considering the concept put forth by Viola et al. (2008) of temporal discontinuity in Mediterranean environments, we tested the hypothesis that average seasonal cumulative rainfall dictates the variations in soil-moisture regimes throughout contiguous years. To accomplish this, we apply a novel approach to analyse soil-moisture dynamics that regards cumulative rainfall as a nondependent proxy of mean soil moisture. 
| MATERIALS AND METHODS

| Research area
| Study sites and plant material
Experimental plots were established within the forests: (a) semiarid monospecific oak woodlands ("YE") plot, a 0.14 ha area within the Yehudia woodland (32°94′ N 35°70′ E, 198 m a.s.l.; Figure 2) consisting of Q. ithaburensis, a winter deciduous species with a large phenologic and morphologic variance (Ne'eman & Goubitz, 2000) . It is a thermophile tree, adapted to the xeric Mediterranean environment (Orsham, 2012) with relatively high water usage (Schiller, 2013 ). An extensive understory of shrubs and herbaceous vegetation is found in the large clearings between the trees (Kaplan, 2005) . The local clayey soil cracks considerably during the dry season, thus facilitating large infiltration capacity at the beginning of the wet season. This in turn induces the soil to swell and ultimately become sealed from above a depth of 40 cm (Morin, Michaeli, Atzmon, & Rosenzweig, 1979) . The upper layer consolidates well and maintains its water absorption capacity. (b) subhumid mixed oak forests ("MG") plot, a 0.12 ha area within the Merom-Golan forest (33°13′ N 35°77′ E, 979 m a.s.l.; Figure 2 ), which consists of Q. calliprinos, which is the most common species of the scleorphyll Eastern Mediterranean maquis and is considered a vicarious species to Quercus coccifera (Schiller, Unger, Moshe, Cohen, & Cohen, 2003) . It is a deep rooted anisohydric species (Klein et al., 2013) . Also found there is Quercus boissieri, a winter deciduous species that has a large tolerance to soil acidity conditions (Efe, Soykan, Curebal, & Sonmez, 2011) . The forest soil is slightly acidic and well drained containing a considerable amount of silt (Navrot & Singer, 1976 ). (Kaplan & Gutman, 1999) .
| Meteorological data
c (Singer, 1971 ).
d (Morin et al., 1979) . Values of θ V for each sample were correlated to the corresponding sensor reading Ψ (kPa), producing depth-specific negative exponential release curves (Table 2) .
| Soil moisture data
| Soil analyses
Soil profile analyses were performed in both plots down to the maximum measurement depth. Physical samples were collected from each FIGURE 2 Photos of the study sites and the experimental plots. From upper left photo clockwise: mixed oak forest at Merom-Golan at the end of summer taken from Mt. Bental (1,171 m a.s.l.) to the east; Quercus boissieri and its young foliage at the beginning of growth season in spring at MG experimental plot; evergreen Quercus calliprinos in winter at oak forests experimental plot; a typical view of Quercus ithaburensis woodland at Yehudia in summer; Quercus ithaburensis and the dominating herbaceous cover at oak woodlands experimental plot horizon then stored and sealed. Each sample was weighed before and after desiccation, at 105°C for 24 hr. A mesh screen (2.0 mm) was used to remove organic material and retained for analysis. Technical composition, CaCO 3 and organic matter were determined based on time-course changes in specific gravity of liquid-suspended samples (Hen, Inbar, & Philip, 2003) . The United States Department of Agriculture Textural Classification system was used to determine soil textual class.
| Data preparation and statistical analysis
Rain season initiation date for modelling purposes (first day of rain season [DORS] ) was determined by the onset of the first significant rain event (Table 3 ) able to affect soil moisture at all measurement depths. Omission of early season small rainfall events had no effect on the analysis, as they were scarce and of small magnitude. To construct composite multiyear data sets, data was binned from all 3 years into 10-mm bins, then averaged. We have ignored ageing (time since wetting) and canopy interception, as it is not a soil water loss process (Daly & Porporato, 2006) . We assumed runoff and drainage, generated between field capacity and saturation, to be constant.
| Mathematical Modelling and Fitting
For the purpose of modelling the infiltration capacity curve with respect to moisture accumulation in the soil (W), water is a function of rain (P). Assuming this relationship is proportional to the soilmoisture content:
where K is the dynamical steady state value of maximum soil moisture,
) is the infiltration constant (i W ). A main advantage of this model is the closed-form solution that is a monotonically and asymptotically increasing function:
where p (rain, mm) is the initial delay in increase of soil moisture to rain input. This 4-parameter logistic model introduces a parameter for baseline soil moisture (d). Trivially, Equation 2 can be linearized:
where F =P/K. This also allows the approximation of the parameter i directly from the data. Moreover, it rescales the model to track the soil wetting process in terms of percentage (Meyer, Yung, & Ausubel, 1999) . Assuming similar drying dynamics, a complete biphasic model can be constructed (adapted from Meyer, 1994) for both wetting (ϖ) and drying (δ) phases:
with consecutive increasing (w) and decaying (δ) soil-moisture s-curve dynamics characterized by infiltration and depletion constants (r δ ), i ϖ and r δ respectively with concurrent inflection points for each phase, p ϖ and p δ . The switch-over point of cumulative rain separating the wetting and drying phases is given by
estimates for parameter values have been derived by fitting
Equation (4) to the data by minimising the objective function
where n is the number of data points used to estimate the parameters
actual soil-moisture value at cumulative rain w (P i ), and W P i ð Þ is the expected value at cumulative rain, P i . To alleviate the local minima problem in nonlinear multi-parameter models a genetic algorithm based on a Monte-Carlo simulated annealing method was developed (Vanderbilt & Louie, 1984) . Briefly, 1,000 synthetic curves are generated from randomly sampled values from the parameter space.
A sample of the curves that minimize, usually 5%, are selected for further permutations of the parameter values, and this is iterated until a global minimum is reached (http://logletlab.com; Python, v2.7.13). Wang, Feyen, Genuchten, and Nielsen (1998) stated that saturation conditions may never be attained in well-drained soils at field conditions. Considering their statement, we assumed that field capacity conditions are reached when the amount of cumulative rainfall is equivalent to that required for the system to reach 90% of maximum soil moisture (K) given algebraic manipulation of Equation (2):
delimiting the end point of the wetting arm and the onset of intermediate arm. On the basis of our prior assumption of similar drying dynamics, we calculate a reciprocal point at 90% of K at the drying end:
demarcating the end point of the intermediate arm and the onset of the drying arm that continued until rainfall cessation. We further assumed that the amount of cumulative rainfall at p w , where (Tofallis, 2015) . Mean parameter values are reported for each area, and 95% confidence intervals were constructed (Efron & Tibshirani, 1986) 
| Soil properties
The soil section in the MG plot yielded three horizons of homogeneous clay loam texture (Table 4) . A high percentage of the sandy component implies its pyroclastic origin. The soil section in YE plot was found to be partitioned into two horizons of homogeneous clay texture. In both plots, BD increased with depth by 11-13%.
| Seasonal trends of soil moisture
Rainfall events brought about a rapid and steep increase in soilmoisture content corresponding with their duration and intensity.
Eventually, the entire system stabilized at field capacity values 
| Infiltration constants versus depletion constants
i W were more than two-fold higher (ANOVA; p < 0.01), and r δ were 83% higher at the MG plot. Interestingly, r δ were 46% larger, on aver- 
| Maximum soil moisture
In general, maximum soil-moisture (K) value trends were similar across sites and treatments, essentially declining between surface and intermediate depths (18% at YE and 8% at MG) while increasing towards 
| DISCUSSION
The importance in the investigation and modelling temporal and spatial dynamics of soil moisture lies in the characterization of seemingly minor differences in soil water holding capacity, being an attribute that may be decisive to trees' survival (Joffre & Rambal, 1993) . This holds Note. ρ b : soil bulk density; θ max : volumetric water content at Ψ = −10 kPa; θ FC: field capacity volumetric water content at Ψ = −33 kPa; and θ r : residual volumetric water content at Ψ = −200 kPa were determined according to release curves. as a converging independent variable conceptually bridging the interannual soil-moisture discontinuity in Mediterranean ecosystems.
The issue of rain season onset was realized, based on our observations of contrasting soil water responses to early season rain events. (1979) , and in particular, it is swelling effect to a depth of 40 cm. An additional soil property regarding infiltration is, however, questioned by our results. Both Morin et al. (1979) and Ben-Hur and Lado (2008) state that a larger clayey fraction induces larger slacking forces causing the generation of cracks that in turn facilitate increased infiltration rates, like smectite clays at Yehudia. Estimates for the i W were much higher at the MG plot. Interestingly, they were the only parameters to exhibit significant differences among profiles. A possible explanation to this discrepancy may be attributed to the 61% higher baseline soil moisture at YE, on average. Laio et al. (2001) showed that residual θ V is closely related to soil and vegetation properties. Further, Bittner et al. (2010) revealed that minimum θ V at the end of dry periods is reduced in stands of drought tolerant species, able to extract water at low matric potentials. Moreover, mixed stands transpire 14-56% more than monocultures, due to their greater productivity (Forrester, 2015) . The reported 61% difference between sites corresponds with the upper limit of transpiration variation. Hence, it is proposed that vegetation composition in Mediterranean ecosystems has a greater effect on θ at the drying arm in mixed stands as compared with monocultures. This, in turn, induces larger facilitating effects on the following wet season infiltration rates than the inherent effect of soil properties (i.e., slacking forces in clayey soils). This is in agreement with the conclusion that vegetation is a dominant governing force on mean soil moisture at the drying arm (Rosenbaum et al., 2012; Vivoni et al., 2010) . Maximal mean θ V in the intermediate and deep depths in Yehudia and Merom-Golan, respectively, may be associated with higher BD (Rosenbaum et al., 2012) .
| Microhabitat effects of tress and open areas on soil-moisture dynamics
Higher soil water-holding capacities TREE, induced by enhanced soil physical properties, were recognized as a positive effect of dominant oak trees in Spanish and Portuguese savannas (dehesas) (Cubera & Moreno, 2007; Jackson, Strauss, Firestone, & Bartolome, 1990; Joffre & Rambal, 1993; Nunes, Madeira, & Gazarini, 2005) . Soil profiles under the canopies at both sites were consistently wetter during the wet and dry periods, similar to findings described by Joffre and Rambal (1988) . Such disparities were attributed to soil evaporation that generates a spatially variable response. A semiarid Aleppo pine (Pinus halepensis Mill.) forest in southern Israel maintains a fairly wet forest top soil over three consecutive years, despite low rainfall (less than 300 mm year −1 ) (Raz-Yaseef, Yakir, Rotenberg, Schiller, & Cohen, 2010) . Waring and Schlesinger (1985) showed that forest ground litter may inhibit ET by up to 40%. In contrast, McPherson (1997) in his essay on the ecology of North American savannas, presented various studies that have frequently found that θ beneath oaks rarely differed from that in adjacent grasslands. Additional effects of oaks, as compared with the FAR profiles suggest a higher baseline moisture at Q. ithaburensis inducing wetter small-scale conditions adjacent to trees during the dry period, and higher maximum soil moisture at both sites (Table 6 ). That is interpreted in the context of higher soil waterholding capacities TREE and may imply larger effects of Q. ithaburensis on soil properties of accompanying soils at the wetting arm.
The random spatial distribution of the evergreen Q. calliprinos and the deciduous Q. boissieri imposes an assemblage of different soilmoisture dynamic patterns. These could have profound implications for regulation of tree water balance, as well as processes related to hydrological cycles (Bucci et al., 2008) . Certain features were similar between deciduous oaks, Q. ithaburensis and Q. boissieri, irrespective of site, whether it be the similar trends in residual moisture or similar trends in i W and r δ . The effect of oaks on recharge (p ϖ ) was absent at MG plot (Table 5) 
| Annual soil water dynamics
The amount of cumulative rainfall at the drying arm at all depths at MG plot was the lowest between all arms and between sites, inducing the preservation of relatively higher baseline values throughout summer.
Over the course of the dry period, all θ V values at YE plot converged to d. This suggests lesser climatic forcing at MG, thus indicating that soil moisture is less of a limiting factor to ET 0 for this ecosystem. litterfall. Consequently, a conceptual ecohydrological unit emerges in the mixed ever-green-deciduous stand. Subcanopy sources of rainfall input reach the forest floor through interception related processes in the ever-green species and direct rainfall and stemflow in the dormant deciduous species. According to our results, these two input sources are mostly diverted to one main sink in the vicinity of the ever-green species, thus acting synergistically on soil-moisture dynamics. We cannot though rule out a contribution of runoff or overflow as a third source of water input.
Soil properties effective control on soil-moisture dynamics at YE means that slacking forces would play an increasing role in infiltration processes. As Q. ithaburensis positively affect the θ V in its vicinity, the herbaceous element at FARs at Yehudia ecosystem would be primarily affected from drier rainfall regime. The growing gap of soil-moisture conditions beneath the canopy and at the open clearing may alter the interaction between trees and herbaceous vegetation maintained by balanced competition (Higgins, Bond, & Trollope, 2000) .
| CONCLUSIONS
FARs in both sites were drier than the woody covered areas during summer and winter. They constituted the driest land cover in the stand and formed a relatively homogenous spatio-temporal soilmoisture profiles among the mosaics of forest land covers. Contrasting soil-moisture responses between sites are closely related to soil properties, stand structure, and species composition traits, mitigating the effect of the steep regional precipitation gradient.
The suggested simplification of cumulative rainfall distribution, as opposed to soil moisture has been implemented in our study in these 
